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Summary
Objective: High resolution 1H-nuclear magnetic resonance (NMR) techniques have been used to compare the e#ects
of unilateral knee-joint denervation on the biochemical profiles of synovial fluid in a bilateral canine model of
osteoarthritis.
Method: Paired synovial fluid samples were obtained from seven dogs all of which had previously undergone
bilateral anterior cruciate ligament transection, unilateral knee denervation and contralateral sham nerve exposure.
All synovial fluid samples were then analyzed using 500 MHz 1H-CPMG spin-echo NMR Spectroscopy to assess
di#erences in endogenous metabolite levels between the paired fluids.
Results: The results indicate statistically significant increases in glycerol, hydroxybutyrate, glutamine/glutamate,
creatinine/creatine, acetate and N-acetyl-glycoprotein concentrations in synovial fluids from denervated with respect
to control knees. Furthermore, significant trends towards elevated lactate, alanine and pyruvate levels in the
denervated knee fluids are consistent with our previous findings comparing NMR spectroscopy metabolic profiles of
normal and osteoarthritic canine synovial fluids.
Conclusion: This study lends support to the principle of neurogenic acceleration of OA in that the observed
di#erences in metabolite concentrations found in the denervated knee fluids seem to correlate with metabolic changes
resulting from aggravation of the OA process caused by joint denervation.
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M5T 2S8.Introduction
NUCLEAR Magnetic Resonance Spectroscopy
(NMRS/NMR) has been successfully used to study
a variety of body fluids such as urine, plasma and
cerebrospinal fluid. Its characteristic feature of
enabling the simultaneous observation and
quantification of a large number of metabolic com-
ponents has proven very useful in the rapid assess-
ment of a variety of disease states such as renal
failure, diabetes and hyperlipidaemia [1–3].
High resolution NMR is particularly well suited
to the study of low molecular weight and mobile
macromolecular components of biofluids. We have
previously applied these techniques to compare
the metabolic profiles of normal and osteo-
arthritic synovial fluid using a canine model of
osteoarthritis (OA) [4].
As part of ongoing research into the mechanisms
governing OA progression, we present here the165results of a study investigating the e#ects of joint
a#erent nerve injury in contributing to the devel-
opment of OA. The broader objective of this
research programme was to determine whether a
clinically relevant form of knee joint denervation
accelerated the degenerative changes seen in a
canine model of OA. The underlying hypothesis is
that joint receptor activity plays a critical role in
the maintenance of articular cartilage. Conse-
quently, changes in joint input to central nervous
system pathways can be expected to alter muscle
response patterns, with subsequent changes in
joint surface loading, leading ultimately to the
degeneration of articular cartilage and OA [5–11].
Support for this concept comes from data show-
ing that diminished articular nerve activity follow-
ing knee joint anaesthesia results in altered
hindlimb muscle responses in awake cats [6, 7].
This is further substantiated by work demonstrat-
ing that canine knee joints with unilateral ACL
transection, in conjunction with either selective or
total hindlimb joint denervation, undergo acceler-
ated degeneration of articular cartilage [8, 9].
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inherent in the unilateral canine anterior cruciate
ligament (ACL) transection model, a bilateral
canine OA model has since been developed [12, 13].
Using minimally invasive arthroscopic techniques,
the bilateral ACL transection can be performed
with less morbidity than occurs with unilateral
transection via arthrotomy. The arthroscopic
approach has the added advantage of creating
bilaterally symmetrical OA in canine joints, thus
permitting studies in which one knee is experimen-
tally manipulated whilst the other knee is used
as a control. This allows each animal to be its
own internal control, avoiding the inter-animal
variability associated with the unilateral model.
The rationale behind the use of NMRS of
synovial fluid to assess the extent to which neuro-
genic factors play a role in accelerating OA is
based on the fact that the degradation products,
enzymes and signal transduction molecules
involved in OA are first released from the cartilage
matrix into the synovial fluid. Thus, the greatest
concentration of measurable OA metabolites is in
the synovial fluid prior to their dilution in the
blood or lymphatic systems.
Although many biochemical assays have been
developed to detect the molecular components
involved in OA, they are inherently limited to
assessing a small number of specific metabolic
markers at any one time. NMRS has the unique
ability to allow the simultaneous quantitation of a
large number of metabolic components present in
the synovial fluid with equal sensitivity and with-
out prior knowledge about the nature of the con-
stituents. Consequently, the choice of NMRS over
biochemical methods as a means of identifying
quantifiable markers of cartilage degradation was
a natural one.
Since accelerated histological and biochemical
changes have been found to occur in cartilage
following unilateral knee denervation in bilateral
canine OA [12], we decided to investigate whether
these changes were also accompanied by NMRS
observable changes in synovial fluid metabolite
concentrations, which is the purpose of this study.MethodsANIMAL PREPARATION
Seven dogs underwent bilateral arthroscopic
ACL transections and unilateral joint denervation
during the study period (approximately one
year). The experimental animals chosen for this
study were all adult mongrel dogs (age >2 years;
weight between 25 and 40 kilograms). SodiumThiopentathol (12 to 24 mg/kg i.m., Abbott
Laboratories, Mississauga, Ontario, Canada,
Sanofi Sante Animale Canada, Inc., Victoriaville,
Quebec, Canada), dissolved in normal saline solu-
tion, was used for anaesthetic induction and the
animals were ventilated with 1–2% Isofluorane
(Anaquest, Mississauga, Ontario, Canada) during
the operative procedure. Following surgery, the
animals were closely monitored for any signs of
pain, infection, anorexia, or bowel and bladder
complications. The skin sutures were removed at
one week post-operation. Once the animals were
capable of running with no signs of pain (between
one and two weeks post-operatively), they were
sent to outdoor kennels allowing spacious runs
(pen size of 15 metres by 44 metres). All animals
were regularly fed with generic dog chow.ARTICULAR NERVE RESECTION
The posterior, medial and lateral articular
nerves to both knees were identified and then
followed distally to the knee joint capsule to con-
firm that each was indeed an articular nerve. A
ten millimeter segment of each nerve was then
resected from the right (experimental) knee. The
articular nerves were identified but left intact in
the contralateral (control) knee.ARTHROSCOPIC ACL TRANSECTION
All arthroscopic surgical procedures were
performed under sterile conditions in animal
operative suites. Both hindlimbs were prepared
and draped freely with the animal in the supine
position. Two 3-mm portals were made medial and
lateral to the patellar tendon to gain access into
the knee joint. One portal accommodated the
arthroscope and the second, the arthroscopic
instruments. The articular surfaces of the patella
and the femoral and tibial condyles were assessed
for pre-existing osteoarthritic changes including
articular cartilage fibrillation, softening or
eburnation, osteophytes and synovial membrane
hyperplasia. Each ACL was completely transected
with arthroscopic scissors under direct visual con-
trol. Injury to other intra-articular structures was
avoided. Verification of complete ACL transection
was confirmed by markedly positive anterior
drawer and Lachman tests for each knee while the
animal was still under general anaesthesia.
The animals were euthanized with an intra-
venous injection of Euthanyl (100 mg/kg i.v.,
MTC Pharmaceuticals Ltd, Cambridge, Ontario,
Canada). The time of euthanization ranged from
2 to 10 months after the bilateral induction of OA
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was used prior to death. Immediately following
euthanasia (i.e., within 23 minutes following
death), synovial fluid aspirates were obtained from
both the experimental (denervated) and control
(innervated) knees after which the knees were
harvested, disarticulated and examined. Macro-
scopic evaluation of each disarticulated knee joint
documented the state of the synovial fluid and
synovium, the absence or presence of osteophytes,
the condition of the menisci and the state of the
articular cartilage overlying the femoral and tibial
condyles. Full thickness cylindrical volumes of
articular cartilage were removed from the central
weight-bearing areas of the femoral and tibial
condyles of both knees and assessed for patho-
logical changes in articular cartilage tissue using
eight representative 10-ìm thick histological
sections for each knee.SYNOVIAL FLUID SAMPLE PREPARATION
Synovial fluid aspirates were obtained following
euthanasia from both knees of each dog by intro-
ducing a 21 gauge needle from an anterior infero-
lateral portal with dog’s knee flexed to 90). These
were then kept in low temperature storage
("75)C) until required for NMR analysis. Prior to
analysis all samples were first thawed at room
temperature, then centrifuged at 14 000 rpm
(14 000 g) for 15 minutes to remove particulate
matter and cells, and subsequently made up in a
ratio of 420 ìL of synovial fluid mixed with 280 ìL
D2O. (The D2O provided a field-frequency ‘lock’ for
the spectrometer.) Six hundred ìL of the mixture
was then placed into 5-mm thin-walled NMR tubes
(Wilmad Glass Co., Buena, NJ, U.S.A.).
Chemical shifts of all observed synovial fluid
metabolites were referenced to a known con-
centration (0.5 mg/100 ìL) external-internal
standard of sodium 3-(trimethylsilyl-2,2,3,3,-2H4)-1-
propionate (TSP, ä=0 ppm) contained inside a
capillary tube, placed co-axially at the centre of
each NMR tube. For the sake of consistency and
comparability, the same standard reference capil-
lary was used repeatedly in all NMR measure-
ments. Moreover, to ensure standardization, probe
tuning, field homogeneity adjustment (‘shimming’)
and transmitter power calibrations were all made
using a standard (600 ìL D2O in a 5 mm NMR tube
with reference capillary in place) prior to each set
of measurements. Field homogeneity was deemed
acceptable when interactive shimming produced a
full-width-half maximum value of 20.5 Hz for the
TSP resonance.PROTON NMR SPECTROSCOPY
Data were acquired on a Varian 500 spec-
trometer (CRC NMR Centre, Medical Science
Building, University of Toronto) operating at
500.188 MHz 1H, using the Carr-Purcell-Meiboom-
Gill (CPMG) pulse sequence D"900x"ô"
(1800&y"ô)n"acquire, where D=3 s, ô=1 ms and
n was set so that the total T2 relaxation
delay 2 nô=48 ms, and the acquisition time was
1.333 seconds. The echo delay time ô was chosen
so as to suppress the broad protein resonances
by making use of their short spin-spin relax-
ation time, T2, while still retaining substantial
lipid resonance intensity. All spectra were
measured at ambient probe temperature (25)C).
For each sample, 256 FIDs were acquired into
16,384 computer data points with a spectral width
of 6000 Hz.
The intense water signal was suppressed by
applying a gated secondary irradiation field at
the water resonance frequency during the delay
between pulses. Resonance assignments were
made based on an analysis of characteristic chemi-
cal shift values, coupling patterns and coupling
constants as well as published values of chemical
shifts in biological fluids [1, 14–17].QUANTITATIVE ANALYSIS
Quantitative spectral analysis was performed
using the SA/GE analysis software (GE Medical
Systems, Waukesha, WI, USA) in conjunction with
a computer routine developed at our site. Analysis
of the data began with a residual water removal
using a Hankel-Singular-Value-Decomposition
(HSVD) algorithm with a model order of 16. This
was followed by zero-filling to 65 536 points and
Lorentz-to-Gauss transformation with the TSP
full-width-half-maximum (FWHM) as the exponen-
tial broadening factor, where the Gaussian broad-
ening was chosen such that the final FWHM of
TSP was approximately equal to its initial value.
After phasing and baseline o#set correction, the
zero of chemical shift was set at the maximum of
the TSP resonance and the spectrum scaled so that
the TSP amplitude was equal to one.
Quantitation was obtained using a combination
of integration and Marquardt-Levenberg line-
fitting routines. Using the SA/GE peak picking
routine and the fact that the Lorentzian ‘wings’
of a given resonance were minimized by the
Lorentz-Gauss transformation, it was possible
to accurately measure the areas of all resolved
resonances. Where overlap occurred, peak areas
were measured with the Marquardt-Levenberg
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sample/experimental set-up variations, all
measurements were normalized with respect to the
TSP reference area.
The results were analyzed using paired t-tests
with a significance level of P<0.05.Results
Histologically, both the experimental and
control knees in each animal demonstrated
changes consistent with osteoarthritic degener-
ation. Fibrillation of the superficial cartilage layer
occurred in most animals. Cellular changes
included chondrocyte clustering, cellular dis-
organization, loss of superficial chondrocytes and
the presence of empty lacunae. The most striking
changes consistently occurred over the medial
and lateral femoral condyles, whereas changes
observed over the medial and lateral tibial
plateaus were less severe.
The relative severity of the histological changes
induced in the cartilage of the denervated and
control knees, however, varied considerably
between individual animals, even amongst those
killed within the same time period. In general,
there was a progressive increase in the severity of
histological OA in both the experimental and con-
trol knees over time. Most importantly, for every
animal studied, the denervated knee exhibited
more extensive overall histologic change when
compared to the contralateral innervated knee. It
was this feature which led us to wonder whether
such histological changes might not also be echoed
by corresponding changes in the synovial fluid
levels of endogenous NMR-observable metabolic
species.
Single pulse 500 MHz 1H NMR spectra of syno-
vial fluid provide little quantitatively useful infor-
mation because the broad background signal from
the macromolecular component (polymers, pro-
teins) obscures the sharp, more readily quantifi-
able signals from low molecular weight (MW)
metabolites. The use of the CPMG spin-echo pulse
sequence solves this problem in that the resulting
spectra are e#ectively free of all macromolecular
resonances, except for those from more mobile
species (lipoproteins) or less constrained mol-
ecular side chains (N-acetyl glycoproteins). A
characteristic feature of this sequence is that
unlike the Hahn spin echo (SE) sequence, it does
not produce J-modulation of the signal phase, thus
facilitating spectral quantitation. Moreover, sig-
nal losses during the relaxation delay period
caused by spin di#usion are minimized on account
of the short ô-delay. We have found this approachuseful in the study of synovial fluid in that it
eliminates unwanted signals while permitting the
ready quantification of all low MW components.
In our previous investigation comparing the
metabolic profiles of normal and OA synovial fluid,
we found: (i) glucose was sharply reduced; and
(ii) lactate was dramatically increased in OA
with respect to normal synovial fluid [4]. In
addition, lipoprotein-associated fatty acid con-
centrations, ketone bodies — particularly 3-D-
hydroxybutyrate — creatinine, N-acetyl-glyco-
proteins and several amino acids were all elevated
in the osteoarthritic fluids.
Not suprisingly, therefore, we find that a number
of these same metabolites also exhibit significant
di#erences in concentration between control
and denervated knees. For example, 3-D-
hydroxybutyrate, acetate, creatine/creatinine,
glutamine/glutamate, N-acetyl-glycoproteins and
glycerol levels are all significantly higher in the
experimental knee fluids (P<0.05). Lactate,
pyruvate and alanine also showed a strong
trend in this direction (P=0.076, 0.074 and 0.055,
respectively).
On the other hand neither glucose (P=0.30)
nor lipoprotein levels (P>0.15) were found to be
significantly di#erent between the two groups.
Interestingly, citrate and tyrosine exhibited a
significant trend (P<0.1) towards higher concen-
trations in experimental with respect to control
OA fluids while showing no significant di#erences
with respect to normal synovial fluid levels.
Figure 1 shows the full range of chemical shifts
whilst Figs 2–4 compare selected regions of the
1H spectrum for Control- (bottom trace) and
Denervated-knee (top trace) canine synovial fluids.
(The spectra represent averages over their respec-
tive categories.) The results of the analysis are
summarized in Table I.Discussion
NMRS is an extremely sensitive probe of local
molecular environments. Thus, changes in NMR
spectral parameters such as peak intensity or line
width correlate directly with changes in the
number of molecules corresponding to a given
metabolic species, or having a particular structure
or configuration relative to each other. Identifying
these changes can provide important insights into
the biomolecular mechanisms underlying disease
processes as well as providing objective data about
response to treatment.
In contrast to our previous study comparing
healthy normal and OA canine synovial fluids,
the present investigation was specifically aimed
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canine synovial fluids: (a) control and (b) experimental
knee fluids. The two traces are averages over all the
individual synovial fluid spectra acquired in each
category, referenced with respect to TSP (ä=0.0) and
scaled identically (TSP peak height=1). Key to
metabolite assignments: CH=CH Lipids, CH=CH
groups of mobile lipids and lipoproteins; Cit, citrate;
NAc, N-acetyl groups on glycoproteins; Ala, alanine;
LAC-CH3, lactate; CH2- and CH3-Lipids, (—CH2—)n
bulk chain and CH3 terminal-end resonances from
mobile lipids and lipoproteins; and TSP, sodium
3-(trimethylsilyl-2,2,3,3,-2H4)-1-propionate.FIG. 2. 5.2–8.5 ppm expansion of Fig. 1. The two traces
are averages over all the individual synovial fluid
spectra acquired in each category, referenced with
respect to TSP (ä=0.0) and scaled identically (TSP peak
height=1); (a) control and (b) experimental knee fluid
spectra. Key to metabolite assignments: His, histidine;
Tyr, tyrosine; Phe, phenylalanine; Æ-glc, Æ-anomers of
glucose; CH=CH Lipids, CH=CH groups of mobile
lipids and lipoproteins. Arrows point to metabolites
showing trends (P<0.10) in concentration di#erences
between the two categories of canine OA knee fluids.at elucidating whether histologically-observed
changes in the cartilage of dogs with bilaterally-
induced knee OA and unilateral knee
denervation — indicating significantly greater
overall OA in each of the knees that were devoid of
their joint a#erent input compared to the inner-
vated contralateral knee in the same animal —
were accompanied by NMRS-observable changes
in the metabolic profile of the corresponding joint
fluids. Whereas di#erences between healthy
normal and osteoarthritic synovial fluids could
be expected, mirroring alterations in joint
metabolism consequent to OA, the current study is
more narrowly focussed on the di#erences in
endogenous metabolite levels between OA and
exacerbated OA; consequently, the observed bio-
chemical changes are both more specific and more
subtle. Since the osteoarthritis induced in the
knees of each dog was symmetrical, the di#erences
in metabolite concentrations found in the dener-
vated joint fluids, relate more directly to metabolic
changes resulting from an acceleration of the OA
process caused by joint denervation.In our comparative study of normal and OA
canine synovial fluids, we found that glucose con-
centrations were markedly reduced while lactate
levels were sharply elevated in osteoarthritic
knee fluids. There was, in addition, a significant
increase in several intermediate-MW macro-
molecular components such as lipoproteins and
N-acetyl-glycoproteins as well as glycerol,
pyruvate, hydroxybutyrate, creatine/creatinine
and the amino acids valine, alanine and isoleucine.
The observed elevation in fatty acid/lipoprotein
levels was attributed to an increase in lipid detri-
tus from cartilage matrix breakdown while lactate,
pyruvate, hydroxybutyrate and glycerol were
linked to the enhanced use or metabolic regulation
of fat in the OA fluids [18].
Comparisons of control and denervated-
knee synovial fluid spectral profiles reveal that
neurogenic acceleration of cartilage breakdown
continues to significantly increase glycerol and
hydroxybutyrate levels, with lactate and pyruvate
both exhibiting statistical trends (P=0.075)
towards higher concentrations, consistent with
our previous findings, although glucose
levels—while reduced in the denervated knee
170 A. Z. Damyanovich et al.: Changes in the metabolic profile of synovial fluidFIG. 3. Expansion of the 1.5–4.1 ppm region of Fig. 1; (a)
control and (b) experimental knee fluid spectra. Key to
assignments: Cre, creatine; Cn, creatinine; Cit, citrate;
Pyr, pyruvate; Ac, acetate; Arg, arginine; Glu, gluta-
mate; Gln, glutamine; NAc, N-acetyl groups on glyco-
proteins; Ala, alanine. Arrows point to metabolites
showing trends (open arrows, P<0.10) or significant
di#erences (bold arrows, P<0.05) in concentration
between the two categories of canine OA synovial fluids.ppm
1.2 1 0.8
Experimental
Control
(b)
(a)
IsoLeuu
3-D-OHB
CH2 Lipids
CH3 Lipids
Leu
Val
FIG. 4. Expansion of the 0.7–1.3 ppm region of Fig. 1;
(a) control and (b) experimental knee fluid spectra.
Key to assignments: 3-D-OHB, 3-D-hydroxybutyrate; u,
unknown (possibly hydroxy-isobutyrate); Val, valine;
Leu, leucine; IsoLeu, isoleucine; CH2- and CH3-Lipids,
(—CH2—)n bulk chain and CH3 terminal-end resonances
from mobile lipids and lipoproteins. Arrows point to
metabolites showing significant di#erences (P<0.05) in
concentration between the two categories of canine OA
synovial fluids.fluids—are no longer significantly changed
(P=0.30). Glycerol production has been noted as
a good estimator of triglyceride hydrolysis in a
number of tissues, while hydroxybutyrate has
been found to inhibit this process, particularly
in the absence of glucose. Our results suggest,
therefore, that although lipoprotein concen-
trations are not significantly di#erent between the
two categories, the progressive worsening of the
osteoarthritic state maintains this trend (pre-
viously noted with respect to normal knee fluids)
towards increased utilization/regulation of lipo-
protein metabolism, all occurring in an ever more
exacerbated hypoxic/hypoglycemic intraarticular
environment.
In normal synovial fluid the signal at 22.0 ppm,
attributed to the carbohydrate side chains of
N-acetylglucosamine and N-acetylneuraminate is
not particularly prominent. Changes in the plasma
concentrations of these N-acetyl-glycoproteins
have previously been linked with inflammation
and rheumatoid arthritis [14, 19, 20, 21]. There are
a number of indications that increases in the
synovial fluid spectral resonance intensity of this
region are due to the fragmentation of large
polymer units into smaller, more mobile ones
[14, 22, 23, 24]. Because the principal N-acetyl-
glucosamine- containing polymer in synovial fluidis hyaluronic acid, changes in the signal intensity
of this peak may be important in monitoring OA
progression.
As we have noted previously, the N-acetyl region
of the canine synovial fluid CPMG spectrum con-
sists of a moderately broad doublet of peaks
(22.02 ppm and 2.04 ppm) sitting on a less well
defined component spanning 21.94 to 2.18 ppm.
These correspond to mobile carbohydrate side
chains of glycoproteins and less mobile, bound
acetyl groups attached to sti# sections of the
polymer chain, respectively [14]. Our own findings
show that there is a statistically significant
increase (P<0.02) in the concentration of the
mobile component resonance in the denervated
knee fluid although the change is not as great
(20.6) as that seen with respect to healthy canine
synovial fluid.
Again, the observed increase could be inter-
preted to reflect enhanced polymer degradation
caused by the aggravated OA status of the dener-
vated joint. This explanation is further supported
by the fact that acetate levels are also increased in
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our previous findings and with experiments show-
ing that N-acetyl-glycoprotein carbohydrate side
chains are degraded to acetate with a possible
acetamide intermediary [23, 24, 25]. Although the
authors did not observe this substance in their
experiments, our previous results seem to indicate
that just such a process is indeed active in the
canine OA joint.
Interestingly, creatinine levels found to be sig-
nificantly elevated in the denervated-joint fluids,
have also been reported to be increased in human
RA synovial fluids [26]. Creatinine is the excreted
by-product of creatine metabolism occurring dur-
ing muscle breakdown. Whether the observed
increases in synovial fluid concentrations of this
substance are the result of increased synovial
membrane permeability consequent to inflam-
mation, reflecting breakdown processes involving
the muscles proximal to arthritic joints, or are the
result of intraarticular metabolic activity requires
further investigation.
Finally, it is worth noting that alanine, found to
be significantly elevated in OA synovial fluid with
respect to normal fluid, continues to be increased
in denervated joint fluids, together with glu-
tamine. The import of these findings is not clear
although they may be related to the formation of
free radicals, previously identified in RA synovial
fluid and known to be active in glycoprotein deg-
radation. Recent work has shown that the addition
of copper—implicated in the production of oxygen
free radicals—to RA synovial fluids results in
complexation by histidine>alanine>formate>threonine>lactate>tyrosine>phenylalanine in
decreasing order of e#ectiveness [27]. Remarkably,
not only are many of these species more prominent
in OA canine synovial fluid, but both alanine and
tyrosine are also significantly elevated. Their
exact role in the OA process is as yet to be
determined.Table I
A comparison of denervated (experimental) and innervated (control) OA canine knee synovial fluid
metabolite levels
Metabolite Control Experiment Significance levels
CH3 Lipids 3.988&0.611 4.253&0.753 P=0.55
Isoleucine 0.234&0.302 0.411&0.132 P=0.28
CH2 Lipids 2.856&0.505 3.698&0.632 P=0.15
3-D-hydroxybutyrate 0.682&0.302 1.494&0.527 P<0.05
unknown 0.411&0.227 0.790&0.315 P<0.05
Lactate 13.149&1.864 20.383&2.725 P=0.076
Alanine 0.668&0.114 0.796&0.102 P=0.055
Acetate 0.079&0.032 0.118&0.027 P<0.05
NAc-Glycoprotein 0.960&0.151 1.248&0.197 P<0.05
Pyruvate 0.199&0.038 0.311&0.064 P=0.074
Citrate 0.374&0.032 0.428&0.043 P=0.084
Creatine/Creatinine 0.208&0.034 0.340&0.055 P<0.05
Glutamine/Glutamate 1.259&0.175 1.544&0.200 P<0.01
HDL-Choline 0.938&0.167 0.932&0.182 P=0.97
Glycerol 0.562&0.123 0.878&0.166 P<0.01
Glucose 0.208&0.129 0.061&0.012 P=0.30
Tyrosine 0.202&0.032 0.252&0.048 P=0.052
All means&S.E.M.Conclusions
High field 1H-NMR spectral analysis of canine
synovial fluids has previously demonstrated clear
di#erences in biochemical profile between normal
and OA joint fluids. In the present study we have
found substantial NMRS-detectable di#erences in
endogenous metabolite levels between paired syn-
ovial fluids from knees with denervation-mediated
acceleration of OA relative to the normally-
innervated OA knees. There were significant
increases in the concentrations of glycerol and
hydroxybutyrate in denervated with respect to
control knee fluids, indicating that lipolysis con-
tinues to play an important role in joint metab-
olism. In addition, the levels of acetate and
N-acetyl groups of mobile carbohydrate side
chains of glycoproteins were also significantly
elevated suggesting a further degradation of the
polymeric components of synovial fluid with
increasing OA severity. Finally, continued trends
towards increased lactate and decreased glucose
concentrations in the denervated-knee fluids imply
that the hypoxic/hypoglycemic OA intraarticular
environment is further aggravated by joint dener-
vation. Additional studies such as this one will
172 A. Z. Damyanovich et al.: Changes in the metabolic profile of synovial fluidlead to a better understanding of osteoarthritis
with the possibility of eventual early detection and
potential reversal of the disease process.
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